A series of 6-(substituted oxyethyl)penem esters having the (5S) stereochemistry which are potent inhibitors of Escherichia coli leader peptidase is described. Structure-activity relationships are discussed.
Protein secretion in bacteria is becoming a pathway of widespread interest for the derivation of antibacterial agents1}. The final destination of considerable quantities of protein (up to 20%) synthesised by bacteria lies outside the cytoplasm. The cytoplasmic membranerepresents a hydrophobic barrier which must be crossed by all of these proteins. Signal peptidases ensure release of secreted proteins from the outer surface of the plasma membrane by removal of the hydrophobic signal sequence, or cleavable membrane anchor, from the pre-proteins2). These signal peptidases represent attractive targets for novel antibacterial agents.
In E. coli there appears to be an essential enzyme, leader peptidase, which fulfils the signal peptidase function3 '4) . It is anchored to the membrane by two hydrophobic domains and the catalytic portion of the molecule is located in the periplasm5). Wehave reported briefly that C-3 esters and amides of penems having the 5S stereochemistry are inhibitors of E. coli leader peptidase, and that of particular interest were the 6-substituted penems (la and lb), with 5S, 65, YR stereochemistry6). We now wish to report the synthesis and structure-activity relationships of a series of derivatives of la.
Chemistry
It appeared that an efficient approach to the synthesis of homochiral 5S penems could make use of well established methods for synthesis of 5R penems followed by a photoisomerisation at C-57). Thus the preparation of la was from the monocyclic /Mactam (2)8). The 5R penem system was built up by the commonlyused phosphorane route, and then subjected to UVirradiation from a mediumpressure lamp to provide an equilibrium Reagents: (i) allyl glyoxylate, (ii) SOC12, 2,6-lutidine, (iii) PPh3, 2,6-lutidine (70% for i~iii), (iv) AgNO3, pyridine, MeOH, (v) acetic formic anhydride, DMAP, Et3NHCl (85% for iv~v), (vi) hv (62%), (vii) Bu4NF, HOAc (95%). were prepared using carboxylic acids (sometimes suitably protected), carbodiimide and DMAP(4-dimethylamino pyridine)9). The protected carboxylic acids (5, 7, 9 and ll) which were used, and penem intermediates (6, 8, 10 and 12) prepared from them, are shown in Table 1 . Ethers were prepared by standard methods. The sulfate (lx) was prepared using TMSchlorosulfate in pyridine.
Biology
The enzymeassay used for these compoundshas been 3escribed6).
The synthetic nonapeptide Phe-Ser-Ala-SerAla-Leu-Ala-Lys-Ile-NH2 was used as substrate in the assay. Peptide concentration was 500jim and enzyme concentration 2/^m. Table 2 shows I50 results for the compounds, or if this was not determined, the % inhibition at compoundconcentrations of IO^m and 1 /xm. The limit of detection of the assay was such that I50 figures of below 1 ij,m cannot be quoted accurately.
Amongst acyl derivatives, larger hydrophobic groups reduce activity from that of acetyl (lb): palmitoyl (lc) has no activity, benzoyl (lj) and diacetoxybenzoyl (Ik) reduced activity. However, the two catechols (ll, lm) show quite good activity.
The inactivity of the two phenylalanine derivatives (lg, lh) probably indicates intolerance of two large groups on the a carbon of the substituent, since the alanine derivative (If) is active. The weakly basic pyridine (In) is well tolerated but the ionised carboxylate (le) much less so (the ionised sulfate (lx) is also poorly active). The glycolate (Id) has good activity.
Of the carbamates, the TV-methyl (lq) is far superior to unsubstituted (lp) or iV-phenyl (lr Phosphorane (3) A solution of azetidinone (2) Allyl (5R,6S, r^)-6-(r-r-Butyldimethylsilyloxyethyl)-penem-3-carboxylate (4) A solution of phosphorane (3) 
A solution of penem (4) (247mg) in EtOAc (100ml) in the vessel of a photochemical reactor was purged with argon for 2 hours and then irradiated through pyrex by a Hanovia mediumpressure UVlamp for 30 minutes. Anal CalcdforC17H27NO4SSi: C 55. 3, H 7.4, N 3.8. Found: C 55.3, H 7.6, N 3.9. The second-eluted compound was recovered (4) (89mg, 36%). A solution ofpenem (la) (51 mg, 0.2mmol) in CH2C12 (2 ml) was treated with Et3N (0. 14 ml), palmitoyl chloride (275mg) and a catalytic quantity of DMAP.After 1 hour, the solution was diluted with EtOAc, washed with 0.5n H2SO4, water and NaHCO3solution, dried and evaporated. Chromatography gave (1c) as a gum (70 In a similar way were made the following:
Gum ( Allyl (5^,6^, r^^^r-Sodiosuccinyloxyethynpenem- 3-carboxylate (le) A solution ofpenem (8) (170mg, 0.35mmol) in THF (1 5 ml) was ice-cooled, stirred vigorously and treated with 1 MNH4C1solution (12ml) and ironpowder (1.5 g). After 1.25 hours the mixture was diluted with EtOAcand water, acidified with dil. H2SO4to pH 2 and filtered. The layers were separated and the organic washed with water and evaporated. The residue was taken up in THF(5ml), 0.1 n NaHCO3 (5ml) added and stirred 3 hours. After washing with ether, remaining organic solvent was evaporated and the aqueous solution applied to a column of HP20SS resin. Elution with water, then 20% acetone-water, followed by partial evaporation and freeze-drying of the compound-containing eluate gave le "1 3538, 3368, 1795 , 1714 , 1649 , 1608 , 1562 , 1524 XHNMR (CDC13) S 1.63 (3H, d, 7=6.4Hz , C//3CH-), 4.19 (1H, ddd, 7=9.7, 4.0 and 0.7Hz, m, m, 
